This article presents that our investigations based on Paleobiology have good progress in understanding how environmental conditions changed and fluctuated during Quaternary, of fossils themselves as well, for these ten years. Major results are as follows: (1) Sedimentary facies and molluscan fossil contents of Quaternary sediments were originated from glacio-eustacy with the period of orbital precession and/or obliquity by the Milankovitch cycles. (2) Four stages in warm molluscan and diatom assemblages were recognized during the Holocene in Hokkaido.
Itaru Koizumi* This article presents that our investigations based on Paleobiology have good progress in understanding how environmental conditions changed and fluctuated during Quaternary, of fossils themselves as well, for these ten years. Major results are as follows: (1) Sedimentary facies and molluscan fossil contents of Quaternary sediments were originated from glacio-eustacy with the period of orbital precession and/or obliquity by the Milankovitch cycles. (2) Four stages in warm molluscan and diatom assemblages were recognized during the Holocene in Hokkaido.
They can be correlated with the periods of strong northward inflow of the warm Tsushima were recognized at the Hyperthermal and Last Interglacial age. (4) Tsunami deposits, which consist of sand and sandy gravel with mixed environmental molluscan shells and wood fragments, generated by earthquakes were found along the Boso and Miura peninsulas.
(5) A cold-seep chemosynthetic community, which is composed of the articulated bivalves Conchocela bisecta and Lucinoma spectabilis, were found in the lower Pleistocene Koshiba Formation, Yokohama City. (6) Living fossils were observed in seafloor caves, in deep water, or in singular area around spouting thermal spring on the ocean floor. period, fossiled fauna and microfossils in the sediments on land, as well as on coastal and shallow-water area in the Japanese Islands, have been examined (Igarashi, 1994; Kanisawa and Takeuti, 1997; Kitamura et al., 1997) . Nara (1995, 1997, 1998) kovitch cycles, which fossil assemblages recorded (Kitamura, 1991 (Kitamura, , 1994 (Kitamura, , 1997b . Kitamura et al. (1994) documented a cyclothemic record based on changes in sedimentary f acies and molluscan fossil associations in the middle part of the Omma Formation (early Pleistocene) in Kanazawa City, which has a periodicity of 41,000-years. Kamataki and Kondo (1997) suggested that all the depositional sequence (sedimentary facies and molluscan fossil content) of the Shimosa Group in the Boso Peninsula were originated from glacio-eustacy with the period of orbital precession (20,000-years) or obliquity (40,000-years) effect that comes from increasing CO2 in the atmosphere, but almost same rise as that is known to have occurred ca. 6,300 years ago (Sato and Katoh, 1998) and the Last Interglacial age (Ishizaka et at., 1995; Kondo et at., 1996) . Corresponding to that warm conditions, at ca. 6,300 yrs ago sea level was higher by 2-3m than the present. Analysis of the microf ossils in the samples from the boring cores taken from lake floor with higher sedimentation rate allowed to reconstruct even smaller fluctuations of environmntal conditions (Sawai and Kashima, 1996; Oshima et at., 1997; Xiao et at., 1997; Nguyen et at., 1998) . Kuwae et al. (1997) (Matsushita, 1992; Nakamura and Yamanaka,1992; Ooi,1992; Igarashi et at., 1993; Kiyonaga, 1993; Suzuki et at., 1993; Ohira et at., 1994; Hayashi, 1996; Mori, 1996; Minaki, 1997; Takiya and Hagiwara, 1997; Yan et at., 1997) .
II.
Tsunami deposits
The Quaternary fossil assemblages occurring shallow sedimentary basins and continental slopes were obviously carried from various environments.
They have been classified as a miscellaneous group, but the assemblages which were carried into during a temporary event such as tsunami come to be distinguished from other members in the group (Nara, 1997; Irizuki et at., 1998; Fujiwara et at., 1999) . The Holocene marine terraces along the Boso and Miura peninsulas show repeated coseismic uplift, but there is little geologic evidence for inferring paleoseismic events. Fujiwara et at. (1997) first found three tsunami deposits generated by earthquakes in Holocene bay-floor mulls of Boso Peninsula.
The ages of these tsunami beds agree with the ages of the marine terraces.
III.
Chemosynthetic benthic communities Near the hot spots and the boundary of spreading where seafloor plates are producing heated water called black or white smoker is gushing out into seawater, and there inhabit the rare organisms, like tubewarm which do not depend on solar energy. Around seeping cold water along the subduction zone rare forms like Calyptogena shells inhabit (Akimoto et al., 1996a; Hattori et al., 1996; Kitazato, 1996; Kojima et al., 1996; Majima et al., 1996; Naganuma et al., 1996; Shibasaki and Majima, 1997) . Akimoto et al. (1996b) discussed the relationship between the benthic foraminiferal assemblages and the chemical paleoenvironmens with the cold seepage during the Late Cenozoic time. Chemical factors which influences the distribution of benthic foraminifers are the hydrogen sulfide contents, methane contents, dissolved oxygen, and alkalinity of the interstitial and bottom waters. According to Tate and Majima (1998) , a cold-seep chemosynthetic community, which is composed of the articulated bivalves Conchocela bisecta and Lucinoma spectabilis, occurs in the lower Pleistocene Koshiba Formation, Yokohama City.
IV.
Water-pollution
It has been explained that water-pollution is related to abnormal propagation of specific organism: blue and red tides propagate abnormally due to over nutritious water. Matsuoka and Takeuchi (1995) observed that most of the vegetative cells, planozygotes, and hypnozygotes (resting cysts) were produced during a large bloom, but these cells appeared in a very low number in other seasons.
V. Bathymetric index
As regards fossils to reconstruct paleo-water depth, fossils of the invertebrate fauna and benthic foraminifers have been used, and now composition of the microfossil assemblages is known to be useful for reconstruction of the habitats in the depths from continental shelf down to seafloor. Yanagisawa (1996) proposed two diatom bathymetric indices as proxies of water depth in sea bottom.
They are defined as follows; Bd 1=Xp/ (Xs+Xp) and Bd 2=(0. Statistic analysis of fossil assemblages of marine planktons provided the development of the Td (Diatom temperature index) and transfer function for reconstruction of salinity and surface temperature during Quaternary. Tanaka (1991) carried out the transfer functions of calcareous nannoplankton thanatocoenoses in surface sediments from seas around Japan. On the other hand, Takemoto and Oda (1997) analyzed planktic foraminiferal transfer functions for the Kuroshio-Oyashio current region off Japan. The sensitivity of diatom temperature index (Td) to temperature is not uniform, but greatly variable geographically; within mixed water region, it is sensitive enough to be used as a reliable thermometer, but the Td value is much insensitive in warm or cold current region, not reflecting a temperature change (Yanagisawa, 1993) .
VII. Proxy for water masses
Remains and fossiled assemblages of marine organisms, as well as living ones, are analyzed to get informations about paleo-distributions of waters, paleotemperatures, and organic productions.
Hagino (1997) recognized three living coccolithophore assembalges corresponding to distinct water masses; the cold Oyashio current, Tsugaru warm current, and mixed water.
VIII.
Biotic microgrowth structure Fluctuations in environmental conditions are recorded as periodicities in growth of such biotic structures as the shells of bivalve and barnacle, skeltons of corals, otolith of fish, and tree rings. Sato (1997) revealed that the growing season of Phacosoma japonicum is influenced by the annual pattern of food (phytoplankton) abundance, and that shell microgrowth patterns in shells preserve well seasonal changes of phytoplankton abundance.
IX. Biostratigraphy
The first and last appearances in four groups of planktic microfossils, foraminifera, calcareous nannofossils, radiolaria, and diatoms, have been compared with the geomagnetic polarity records. Regional sequences have been established within the geographic limitations for extending the isochronous surfaces represented by the biologic events (Shimamoto et al., 1994; Kitamura, 1995 Kitamura, , 1997a Kotake et al., 1995; Okubo et al., 1995; Oishi et al., 1996; Sugawara et al., 1997; Kameo, 1998 Living fossils co-occurring with present species inhabit the peculiar environments, the negative one like seafloor caves, deep water with lesser predatism pressure, or very singular area around spouting thermal spring on the ocean floor. This suggests a possible relationship of the environmental habitats with preservation of the regime (Hayami and Kase, 1992; Kase and Hayami, 1992, 1994; Tabuki and Hanai, 1994; Yamaguchi, 1994 Taira, N., Yamazaki, M., Okamura, S., Maeda, T., Sagayama, T., Sugawara, M., Kokubu, K. and Yasui, S. (1996) Quaternary subsurface geology in the southernmost part of the Ishikari Depression, Hokkaido, Japan: with special refernce to the relative sea-level change during the Last Interglacial Age. Jour. Geol. Soc. Japan, 102, [312] [313] [314] [315] [316] [317] [318] [319] [320] [321] [322] [323] [324] [325] [326] [327] [328] [329] (J+E) Kosugi, M., Kataoka, H. and Hasegawa, S. (1991) Classification of foraminifer communities as indicators of environments in an inner bay and its application to reconstruction of paleoenvironments. Fossils, 50, 37-55. (J+E) Kotake, N., Koyama, M. and Kameo, K. (1995) Magnetostratigraphy and biostratigraphy of the Plio-Pleistocene Chikura and Toyofusa Groups, southernmost part of the Boso Peninsula, central Japan. Jour. Geol. Soc. Japan, 101, 515-531. (J+E) Kusumi, T., Ozawa, T. and Endo, K. (1994) Genetic variation in Lingula anatina. Fossils, 57, [37] [38] [39] [40] [41] [42] [43] [44] (J+E) Kuwae, M., Yoshikawa, S. and Inouchi, Y. (1997) Diatom recrods from lacustrine sediments of Lake Biwa during the past 400,000 years. The Quat. Res.
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